The superconductivity precursor phenomena in high temperature cuprate superconductors was studied by direct measurements of superconducting condensate with the use of the c-axis optical conductivity of YBa 2 (Cu 1−x Zn x ) 3 O y for several doping levels (p) as well as for several Znconcentrations. Both of the real and imaginary part of the optical conductivity clearly showed that the superconducting carriers persist up to the high temperatures T p that is higher than the critical temperature T c but lower than the pseudogap temperature T * . T p increases with reducing doping level like T * , but decreases with Zn-substitution unlike T * .
samples are in good agreement with those by the other methods such as the measurements of the 89 Y nuclear magnetic resonance (NMR) Knight shift [9] and resistivity [10] . Moreover, as it has been pointed out by many research groups [11] [12] [13] [14] , the pseudogap temperature does not change significantly with Zn-substitution (see Fig. 1b and 1c) . Optical probe is also very sensitive to the superconducting carrier response. The imaginary part of the optical conductivity (σ 2 (ω)) is directly related to the superfluid density (4πωσ 2 (ω) = ω 2 ps = 4πn s /m * ). Another way to calculate the superfluid density from optical spectra is to estimate the missing area in the real part of the optical conductivity (σ 1 (ω)).
Since we found that the spectral weight of σ 1 (ω) is conserved below 5000 cm −1 in our previous study [14] , the missing area was estimated from the deviation from this conserved value for each sample. In Fig. 2 , we plot the temperature dependence of ω 2 ps determined from the missing area in σ 1 (ω) (red circles) and from σ 2 (ω) (black squares) for various doping levels and Zn-contents. Details of the data analysis can be found in the supplementary information.
The results by both methods are qualitatively the same: zero values at high temperatures, followed by a rapid increase at T c due to the superconducting transition. A closer look at each figure (the insets) revealed a finite value of the superfluid densities (ω 2 ps ) at a certain temperature higher than T c . We name this temperature the precursor superconductivity temperature T p . For the underdoped Zn-free sample (p = 0.11), this value is as high as 160 K. With decreasing temperature, ω 2 ps gradually increases and the slope of increase suddenly becomes steeper at the temperature near T c . Hereafter, we refer to this temperature as T ′ c . From all the figures, we can find that the superconducting carriers persist up to much higher temperatures than T c , although its fraction is very small (less than a few % of the total ω We plot all the temperatures T * , T p , T ′ c , and T c for various doping levels and Zncontents in Fig. 3 gives further evidence that we really observe the superconducting signature above T c . It is natural to consider that T ′ c corresponds to a conventional superconducting fluctuation temperature described by the Ginzburg-Landau formalism [17] , but T p indicates the unusual phenomenon due to superconductivity precursor. These systematic Zn-and doping-dependent behaviors prove that our observation of precursor superconductivity is neither due to the sample inhomogeneity nor due to the measurement errors. [9] , and resistivity [10] .
The other new finding in the present study is that the difference of ω 2 ps estimated from σ 2 (ω) and the missing area in σ 1 (ω) diminishes with Zn-substitution. As we see in Fig. 2, for the Zn-free samples, although the temperature dependences of ω 2 ps are similar, the two estimation methods give significantly different values of ω 2 ps in the underdoped regime. This discrepancy has been previously pointed out [18] , and attributed to the kinetic energy reduction [19] . In this scenario, not only the low energy SW but also the high energy SW in the visible region are condensed into a delta function at ω = 0.
A similar reduction of the discrepancy in ω 2 ps has been reported in the optical measurements under magnetic fields for YBCO [20] . The common effect of magnetic field and Zn-substitution is that the TJP resonance mode is suppressed in both cases. The TJP mode can be seen as a broad peak in σ 1 (ω) below T c , which reduces the calculated missing area [16, 21] . On the other hand, the low energy σ 2 (ω) is not affected by this mode. Therefore, we conclude that the observed difference in ω 2 ps in the two methods is caused by the inappropriate estimation of the missing area, i.e. ignoring the contribution of the TJP mode to ω 2 ps .
In other words, when the TJP mode is suppressed, the difference in ω 2 ps should vanish. Note that the TJP mode above T c is very weak [22] and thus it does not couse an appreciable difference in ω 2 ps in Fig. 2 . In Fig. 3(b) [26] .
Our T p values are in good agreement with the temperatures observed by ellipsometry [6] and partly by Nernst effect [27, 28] . In Ref. 6 , T p was estimated only from the phonon softening related to the TJP resonance, which is not direct evidence for superconducting condensate. Moreover, we cannot adopt this method to follow the T p change with Znsubstitution, since the TJP mode is gradually suppressed with Zn-substitution. It is worth noting that T p well coincides with the spin gap temperature reported by neutron scattering [29] and the relaxation rate T −1 1 of NMR [30, 31] . Our results indicates that a precursor of superconductivity does exist at temperatures much higher than T c but lower than T * . This precursor phenomenon is clearly distinguished from the pseudogap not only because of the difference in temperature scale but also because of the fact that the electrons removed from the Fermi surface owing to the pseudogap never contribute to superconductivity [14, 32] . Moreover, the observation of superconducting condensate implies that the Cooper pairs are formed with phase coherence at T p .
These experimental facts put a strong constraint on the theory for high-T c superconductivity. For example, preformed pairs predicted by the mean field theory of t-J model [33] do not have phase coherence and thus they cannot explain our observation. Microscopically phase separated state in a doped Mott insulator [34] [35] [36] is a more plausible candidate.
Recently the charge density wave (CDW) order was observed in the underdoped YBCO at the temperature close to our T p [37, 38] . The simultaneous observation of a precursor of superconductivity and the CDW order suggests microscopic phase separation. Moreover, we may expect some interplay between these two orders although they originally compete with each other. To discuss the origin of this unusual precursor, the increase of T p with decreasing the doping level is a smoking gun pointing to the importance of Mottness in the high-T c superconductivity mechanism.
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II. Error bars
The temperature dependent reflectivity measurements were performed with a Bruker 80v
Fourier Transform Infrared spectrometer. The optical conductivity spectra were obtained from the measured reflectivity spectra by using the Kramers-Kronig transformation. In Fig.   S2 we plot the reflectivity and the calculated optical conductivity spectra for the Zn-free sample at p = 0.11 as an example up to high energy region. The following supplementary figures are obtained from these data. In our previous work [3] , we also presented some of these data with other Zn-substituted samples, as well.
The reflectivity measurements were carried out in six different energy regions. The spectra in the overlapped energy regions coincide with each other. Moreover, measurement at each temperature had been repeated several times. The repetition of the measurement at each energy region allow us to specify an error bar in this energy range. Moreover, we can also define another error bar in the coinciding energy regions for different measurement ranges, which eventually gives us the overall error in our reflectivity measurements. The error bars are calculated with the same way for each temperature separately. As a result, the maximum error in our reflectivity measurements is better than 0.5%. The error bars in the superfluid densities were estimated from the error of the conductivity that was calculated from reflectivity. The procedure of the normal component subtraction introduces additional errors. The error bars plotted in Fig. 2 are relative ones respect to the data at T just above
III. Superfluid density estimated from the real and imaginary part of the optical conductivity
In the superconducting state, real part of the optical conductivity (σ 1 (ω)) for the superconducting carriers is condensed to a δ-function at ω = 0. Then we expect to see the following relation between the imaginary optical conductivity (σ 2 (ω)) and the superfluid density (ω 2 ps ∝ n s /m * , n s is the superfluid density) through Kramers-Kronig transforma-tion; ωσ 2 (ω) ∝ ω 2 ps . However, in this approach it is assumed that there is no normal carrier component in σ 1 (ω) and σ 2 (ω) below the gap energy, which is not the case for the high temperature cuprate superconductors. Therefore, in order to estimate the correct values of ω 2 ps we have to subtract the normal carrier component from σ 2 (ω). In this supplementary, we refer the normal carrier component as σ 2,normal (ω) that is calculated with the KramersKronig transformation of σ 1 (ω). In Figure S3 , we plot our σ 2 (ω) values, as well as the calculated normal carrier components σ 2,normal (ω) for x = 0 and p = 0.11 at several specific temperatures, 300 K, 180 K (just above T p ), 160 K (T p ), 140 K, 70 K (just above T c ), and 10 K (the lowest temperature). Similar trends have been observed for all of our samples.
We also plot the difference of σ 2 (ω) and σ 2,normal (ω) multiplied with ω that is proportional to ω 2 ps , which demonstrates the ω -constant behavior of the superfluid density. If there is no superconducting carrier component, σ 2,normal (ω) should be identical to σ 2 (ω).
Indeed this behavior was observed at high temperatures (In Fig. S3 , 300 K and 180 K).
When we cool down the sample below 180 K, a difference between σ 2 (ω) and σ 2,normal (ω) appears and becomes larger with decreasing temperature, which indicates a growth of the superconducting response in the system. Finally, we plot our 10 K data in a wider energy range that can be compared with the published studies [4] .
For the real part of the optical conductivity, we calculated the superfluid density ω 2 ps from the missing area in σ 1 (ω). When the pseudogap opens the low energy spectral weight is suppressed, and the lost spectral weight is transferred to the high energy region. In our previous work [3] , we showed that the spectral weight transfer is completed below 5000 cm −1 . Namely, the spectral weight is conserved below 5000 cm −1 . We plot the temperature dependence of the spectral weight between 50 and 5000 cm −1 (Fig. S4) . While this spectral weight shows the temperature independent behavior down to T p (arrow in Fig. S4 ), below this temperature, it starts to decrease, creating a missing area, A, that corresponds to the superconducting carrier response. We can calculate ω 2 ps from this missing area by using the equation ω 2 ps = 120/πA. To compare ω 2 ps with that obtained from σ 2 (ω) we calculated the cumulative missing area with respect to the temperature just above T p at each temperature, and plotted in Fig. 2 . 
